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Abstract. Introduction: Data on the development of left ventricular dysfunction after perma-
nent pacemaker implantation are available. Myocardial collagen deposition is a well-known
mechanism that occurs in left ventricular remodelling. This gave us reason to dynamically
monitor the levels of the main molecules involved in collagen synthesis, PIPC (carboxy-
terminal propeptide of type | procollagen) and PIIINP (amino-terminal propeptide of type Il
procollagen). Materials and Methods: PIPC and PIIINP levels were studied using enzyme-
linked immunoassays in plasma from 45 patients (25 men, 20 women, 72.1 + 9 years) and
46 controls (24 men, 22 women, 71.9 = 8.7 years) without known cardiovascular diseases
(except arterial hypertension, conduction disorder, indication for the procedure) at baseline
(immediately before PPM implantation for patients), at 12 and 24 weeks. Results: There was
no difference in baseline levels of PICP and PIIINP between patients and controls (p > 0.05,
Table abstract). At week 12, PICP levels increased significantly in patients compared to base-
line in controls (p < 0.05, Table abstract). At week 24, values continued to increase and were
again significantly higher than baseline in the controls (p < 0.001, Table abstract). At the 12-
week follow-up visit, PIIINP values in patients were significantly higher than those at baseline
in controls (p < 0.001, Table abstract). At week 24, the values of the patients were still higher
than those of the controls, but the difference was not significant (p > 0.05, Table abstract).
Conclusion: This study showed early activation of collagen synthesis < 6 months after PPM
(permanent pacemaker) implantation. Due to the selection of patients without concomitant
cardiovascular pathology, we have reason to assume that it is a result of the procedure itself
and a serious prerequisite for increased collagen deposition in the myocardium.
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INTRODUCTION years, dual chamber pacing has become a standard

approach for the treatment of permanent or paroxys-

ince the introduction of PPM implantation as ~ mal third- or high-degree atrioventricular block (AVB)

S part of the therapeutic approach in patients  [4, 5]. Life expectancy of heart disease patients has
with bradyarrhythmias, data on its undisputed  also increased significantly with improved primary
benefits have rapidly accumulated [1, 2, 3]. Over the  and secondary prevention [6, 7]. This led to an in-
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crease in the number of PPM implantations and al-
lowed us to analyze its long-term effects. In addition
to the indisputable benefits of dual chamber pacing,
there are convincing data on the negative influence of
apical right ventricular stimulation on heart pump pa-
rameters [8, 9, 10]. Reduction in left ventricular (LV)
stroke volume, inefficient LV emptying, and appear-
ance of functional mitral regurgitation were observed.
Their manifestation is associated with asynchronous
apical right ventricular (RV) stimulation [11]. At the
end of the tenth year, development of heart failure
(HF) was observed in approximately 20% of patients
with an implanted dual chamber pacemaker [12, 13].
According to some authors, changes in LV function
occurred as early as the end of the first year, when a
decrease in ejection fraction (EF) of more than 10%
was recorded [14].

These results predetermine the need to look for op-
portunities to overcome the established limitations of
apical RV pacing, one of which is the development
of alternative pacing methods, that approximate as
closely as possible the physiological pathway of
myocardial depolarisation in areas close to the heart
conduction system (His bundle (HB), left bandle area
(LBA), etc.), as well as multipoint pacing [15, 16, 17,
18, 19, 20, 21]. The pathophysiological mechanisms
involved in myocardial remodelling during pacemak-
er stimulation and how to overcome their influence
have been increasingly discussed [22]. Some au-
thors emphasise that the process is individual and
probably multifactorial [23]. A common principle in
the development of myocardial contractile disorders
is the remodelling of the extracellular matrix at the
expense of increased interstitial replacement fibro-
sis [24]. There is activation of myofibroblasts and in-
creased collagen production in the interstitium, which
is an expression of contractile dysfunction [25, 26].
The intimate mechanisms of this process, as well as
the timing of their development, remain unspecified
[27, 28, 29, 30].

The data presented above gave us reason to con-
duct the present study, the objective of which was
to investigate the fibrotic response in patients after
PPM implantation with apical RV stimulation by dy-
namically examining the main molecules of collagen
synthesis: PIPC and PIIINP.

MATERIALS AND METHODS

Study design

The study was conducted in the Cardiology Depart-
ment at the Virgin Mary University Hospital, Burgas,
Bulgaria for the period March 2019 — August 2021.
Inclusion of patients and controls began after ap-

proval of the Research Ethics Committee at the Med-
ical University of Varna, No 82, March 28th, 2019
and the Virgin Mary University Hospital, Burgas, No.
502, March 21st, 2019, in compliance with the re-
quirements of the Declaration of Helsinki (The World
Medical Association, Declaration of Helsinki, 2008).
Participants over 18 years of age were included after
prior explanation and signing of an informed consent
to participate.

Two groups were formed, patients and controls. Se-
lection of study participants was based on clearly for-
mulated inclusion and exclusion criteria (see below).

The study was designed to equalise the demographic
and clinical characteristics of both groups in order to
minimise the possibility of selection bias and com-
pare them objectively [31]. This contributed to the re-
liability of the conclusions, as well as the established
cause-and-effect relationships. The control group
was created similar to the patient group in terms of
gender, age, and comorbidities.

For the purpose of the study, peripheral venous blood
was drawn from a cubital vein, and the levels of PICP
and PIIINP were examined in each participant. Trans-
thoracic echocardiography was performed on the day
after PPM implantation to avoid the effect of atrioven-
tricular asynchrony on LV pump parameters.

Collagen synthesis parameters were determined
thrice in patients: immediately before PPM implanta-
tion (baseline value or visit 1 — V1), at 12 weeks (visit
2 —V2) and 24 weeks (visit 3 — V3) after implantation.
The same parameters were also examined thrice in
controls: at baseline (visit 1 — V1), at 12 weeks (visit 2
—V2) and 24 weeks (visit 3 — V3) after selection for the
study. Blood was centrifuged, and the resulting plasma
was frozen and stored according to the requirements
of the assays used. The control group underwent ECG
and echocardiography examination after their inclu-
sion in the study. At follow-up visits, blood was drawn
to examine fibrosis indices, and participants were also
questioned about new complaints and diseases.

Indication for implantation in the patients included in
the study was presence of complete AVB. After sign-
ing informed consent, they were implanted with a dual
chamber pacemaker (PPM in DDDR mode) accord-
ing to the requirements described in the EHRA (Eu-
ropean Heart Rhythm Association) expert consensus
for this type of procedure [5]. This ensured sustained
apical RV pacing above 80% in all participants, which
was verified by telemetry at each follow-up visit. For
the purposes of the study all participants underwent
transthoracic echocardiography on the day after im-
plantation to assess LV pump parameters and rule
out structural heart disease.
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Study population

For the purpose of the study, 144 patients were
screened from whom 45 patients (25 men, 20 wom-
en, 72.18 + 1.35 years) without known cardiovascular
disease (except arterial hypertension and conduction
disorder, indication for the procedure) were selected.
99 were excluded from the study due to exclusion
criteria (see below).

The control group was formed after screening 102 pa-
tients, and 46 (24 men, 22 women, 71.96 + 1.29 years)
were selected according to the set inclusion and exclu-
sion criteria and included in the study after signing in-
formed consent. The controls had no history and ECG
evidence of current rhythm-conduction pathology. 39
of them had arterial hypertension as a comorbidity,
which was optimally controlled with medications.

For the purposes of the study, it was of utmost im-
portance to minimise the impact of medications and
comorbidities on fibrotic response in selected pa-
tients and controls. For this reason, both patients and
controls were treated with pharmaceuticals for which
there is currently no evidence of a direct effect on
the renin-angiotensin aldosterone system (RAAS).
After selection, participants were treated with one or
a combination of the following medications: a dihy-
dropyridine calcium antagonist (amlodipine), thiazide
diuretic (hydrochlorothiazide), and, if necessary, a
centrally acting medication (methyldopa), in doses
needed to achieve blood pressure control.

Inclusion criteria for the patient group

1. Presence of complete AVB as an indication for
implantation of a dual chamber pacemaker.

2. Eligible comorbidity: moderate arterial hyperten-
sion that was medically well-controlled.

3. Absence of exclusion criteria.

Inclusion criteria for the control group

1. No history or ECG evidence of rhythm-conduc-
tion pathology.

2. Eligible comorbidity: moderate arterial hyperten-
sion that was medically well-controlled.

3. Absence of exclusion criteria.

Exclusion criteria:

1. Presence of cardiovascular disease: coronary
artery disease (acute coronary syndrome; his-
tory of myocardial infarction, regardless of age;
coronary revascularisation PCI/CABG,; stable an-
gina pectoris); heart failure with depressed pump
function; uncontrolled hypertension; inflammatory
heart disease: myocarditis, pericarditis, infective
endocarditis; congenital heart disease; clinically

significant acquired valvular heart disease; car-
diomyopathies; thromboembolic events.

2. Presence of other diseases: renal or liver failure;
diseases of the central nervous system; inflam-
matory and/or infectious diseases in the last
three months; neoplastic or autoimmune dis-
eases; nutritional pulmonary disease; diseases
of the endocrine system; surgical intervention in
the last three months;

3. Presence of pregnancy, systemic intake of NSAIDs
(non-steroidal anti-inflammatory drugs) and anti-
thrombotic drugs and mineralocorticoid antagonists.

Collection and storage of blood samples

Blood samples were obtained after puncture of the cu-
bital vein (left or right) with a vacutainer system. Venous
blood samples were centrifuged for 15 min at 3500 rpm.
The separated serum was frozen at -20 C and after 3 to
4 weeks transferred for storage at -80 C. Included pa-
tients had 3 blood samples taken as follows: at baseline
before pacemaker implantation, at 12 and at 24 weeks
after implantation. Patients in the control group had
identical amounts of blood samples taken, processed,
and tested according to the same protocol.

Laboratory procedures

Factors tested: PICP and PIIINP were quantified by
the ELISA method with MyBioSource kits from Hu-
man PICP Sandwich — ELISA and Human PIIINP
Sandwich — ELISA (MyBioSource, Inc. San Diego,
USA) as follows:

1. Human carboxy-terminal propeptide of type |
procollagen, PICP ELISA Kit with a sensitivity of
2.26 ng/ml

2. Human aminoterminal propeptide of type Il pro-
collagen, PIIINP ELISA Kit with a sensitivity of
1.0 ng/ml.

Statistical analysis

All analyses were performed with STATISTICA
13.3.0, StatSoft Inc, USA.

Continuous variables were expressed as mean *
Standard Error of the Mean (SEM) and categorical
variables were expressed as percentage of the to-
tal group. Two-tailed Student’s t-test for independent
samples was used to compare quantitative variables
measured in controls and patients. Values p < 0.05
were adopted for statistically significant.

RESULTS

There were no statistical differences between pa-
tients and controls in terms of number, mean age,
sex, and BMI (p > 0.05) as seen in Table 1.
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Table 1. Demographic characteristics of patient and con-

trol groups

Patients Controls P value
Number of participants | 45 46 >0.05
Mean age 7218+1.35 | 71.96+1.29 | >0.05
Men/Women 25120 24122 >0.05
BMI (kg/m?) 2745+064 | 26.51+049 | >0.05

According to the study design, the patient and control
groups had no significant differences in comorbidities
(p > 0.05) and antihypertensive therapy (p > 0.05) as
seen in Table 2.

Table 2. Clinical characteristics of patient and control

Transthoracic echocardiography did not reveal sig-
nificant differences between LV end-diastolic and
end-systolic volume, as well as in ejection fraction in
the patient and control groups. Additionally, the mea-
sured values were within the normal range accepted
by the European Association of Cardiovascular Im-
aging [32].

Table 3. Transthoracic echocardiography data

E:t;::taor:iiographic Patients Controls P value
LVEDV 51.98+1.97 |52.17+1.65 | >0.05
LVESV 2450+0.77 |2452+0.76 | >0.05
EF% 5736 £0.66 |55.98+0.33 | >0.05

2.2.1 PICP deviations

It is clear from Figure 1 that baseline values in pa-
tients were not different from those of controls (85.13
+ 4.68 vs 79.34 + 3.49 ng/ml, p > 0.05). At week 12
(patients V2), PICP levels had increased significantly
compared to controls (90.51 + 4.28 vs 79.34 + 3.49
ng/ml, p = 0.0445), and at week 24 (patients V3) the
increasing trend was sustained (161.35 + 14.05 vs
79.34 + 3.49 ng/ml, p < 0.001).

Comparison of values in the patient group (Figure
2) showed that at week 12 (patients V2) PICP levels

groups
Patients (%) | Controls (%) | P value
Comorbidities
Hypertensive disease 39 (86.66 %) |37 (80.43%) | >0.05
Antihypertensive therapy
Dopegit 23 (51.11%) |24 (52.17%) | >0.05
Amlodipine 35(77.78%) |33 (71.74%) | >0.05
Hydrochlorothiazide 35(77.78%) |35(76.09%) | >0.05
2004
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Fig. 1. Comparison of PICP values at baseline (patients V1), week 12 (patients V2) and week 24 (patients — V3) versus
baseline in the control group (controls V1). (* p < 0.05; ** p < 0.001; ns- statistically insignificant difference)
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Fig. 2. Dynamics of PICP levels in the patient group: baseline (patients V1), at week 12 (patients V2) and at week 24 (pa-
tients V3). (* p < 0.05; ** p < 0.001; ns- statistically insignificant difference)
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had increased from baseline (patients V1) (90.51 +
4.28 vs 85.13 = 4.68 ng/ml, p < 0.05), but this in-
crease was not significant. At week 24 (patients V3),
absolute values continued to increase and were now
significantly higher compared to baseline levels (pa-
tients V1) (161.35 £ 14.05 vs 85.13 £ 4.68 ng/ml, p
< 0.001).

There were no significant changes in plasma levels
of the indicator during follow-up in the control group.
There was also no significant difference between the
values at the second and third visits compared to
baseline (80.91 £ 4.14 vs 79.34 + 3.49 ng/ml; 85.26 +
4.75 vs 79.34 £+ 3.49 ng/ml, p > 0.05). There were no
significant differences in levels between the third and
second visit follow-ups (85.26 + 4.75 vs 80.91 £ 4.14
ng/ml, p > 0.05) (see Figure 3).

2.2.2 PIIINP deviations

Figure 4 shows that baseline values in patients did
not differ from controls (4.11 £ 0.20 vs 3.94 + 0.24 ng/

ml, p > 0.05). At week 12, levels in patients (patients
V2) had increased significantly compared to baseline
levels of controls (6.95 + 0.56 vs 3.94 + 0.24 ng/ml,
p < 0.001). At week 24, patient values (patients V3)
had fallen to levels that were higher than controls, but
the difference was not significant (4.56 + 0.20 vs 3.94
+ 0.24 ng/ml, p > 0.05).

PIIINP levels in the patient group at week 12 (Fig-
ure 5) (patients V2) had increased significantly from
baseline (patients V1) (6.95 + 0.56 vs 4.11 = 0.20
ng/ml, p < 0.001). At week 24 (patients V3), PIIINP
levels had decreased, still higher than baseline, al-
though the difference was not statistically significant
(4.56 + 0.20 vs 4.11 £ 0.20 ng/ml p > 0.05)

There were no significant changes in the plasma lev-
els of the indicator during the follow-up period in the
control group — no significant differences were found
between the values of the second and third visits
compared to baseline (4.60 + 0.32 vs 3.94 + 0.24 ng/

100~
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a
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L
o 40- Fig. 3. Dynamics in PICP lev-
‘;i’_ els in the control group: base-
20- line (controls V1), at week 12
(controls V2) and at week 24
0- (controls V3); ns- statistically
Controls V1 Controls V2 Controls V3 insignificant difference
ek
8_
O 64
£ ns Fig. 4. Comparison of PIIINP
£ 4 . values at baseline (patients
& V1), at week 12 (patients V2)
E 2 and week 24 (patients V3)
with baselines in the control
group (controls V1). (*p <
0- T 0.05; **p < 0.001; ns — statis-
Controls V1 Patients V1 Patients V2 Patients V3 tlca”y insigniﬁcant diﬁ'erence)
ok
a_
O 69
5
£ 4] _— Fig. 5. Dynamics of PIIINP
% levels in the patient group:
= baseline (patients V1), at
i week 12 (patients V2) and at
week 24 (patients V3). (*p <
0 T 0.05; **p < 0.001; ns — statis-
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ml; 4.06 £ 0.29 vs 3.94 + 0.24 ng/ml, p > 0.05). There
were no significant differences in follow-up levels at
the third and second visit (4.06 + 0.29 vs 4.60 + 0.32
ng/ml, p > 0.05) (Figure 6).

DISCUSSION

In 1994, experimental models showed that constant
RV apical pacing for 14 weeks resulted in regional
changes in myocardial perfusion, increased catechol-
amine activity, and development of diastolic dysfunc-
tion [33]. There is now strong evidence of negative
consequences on cardiac function as a result of pac-
ing-induced asynchronous LV contraction [34]. ECM
remodelling underlies the development of systolic
and diastolic dysfunction over time in PPM patients
[35, 36]. Data from studies have shown that after 12
weeks of constant RV stimulation, heterogeneous
changesin ECM, increased MMP-2 and MMP-9 activ-
ity and increases in collagen type | mRNA levels were
observed [37]. According to the implemented study
design, our team aimed to look for early changes in
collagen synthesis biomarkers after PPM implanta-
tion. The results showed that PICP levels increased
at week 12 after implantation compared to controls,
although with a cutoff value of p = 0.0445 (Figure
1). At week 24, there was a significant increase in
PICP, both relative to baseline values in patients (p <
0.001) (Figure 2) and baseline values in controls (p
< 0.001) (Figure 1). This gave us reason to assume
that PPM implantation leads to an extremely early
activation of collagen metabolism. The ECM in the
myocardium has been shown to have a specific com-

[: T

s
L

PIINP (ng/mL)
[ %]

0-
Controls V1

Controls V2

position and contains mainly type | (85%) and type
[l collagen (11%) [38]. Current understanding is that
the cardiac interstitium is a dynamic reticular struc-
ture with important metabolic activity [39]. Under the
influence of a pathological stimulus, fibroblast activa-
tion occurs, leading to increased collagen synthesis
[25,40]. Patients with advanced heart failure have an
increased collagen content in the interstitium, lead-
ing to deeper pathophysiological consequences and
disease progression [38,41]. In recent years, PICP
and PIIINP levels have established themselves as re-
liable molecules for assessing collagen metabolism
[42,43]. Data from previous studies suggest that both
the amount of interstitial collagen and type I/lll col-
lagen ratio are important for development of cardiac
dysfunction [44]. An increase in this ratio is associ-
ated with reduced LV wall elasticity and cavity dilata-
tion. In the patient group, there was an increase in
PIIINP levels at week 12, both relative to baseline in
patients (p < 0.001) (Figure 5) and baseline in con-
trols (p < 0.001) (Figure 4). However, at week 24 af-
ter implantation, there was a decrease to similar, but
higher, levels than at baseline. Although there was
a trend to increase toward the end of the follow-up
period, the difference was not significant. Regarding
the significant increase at week 12 after implantation,
we can suggest that it might probably be a result of
the surgical intervention. It is an undeniable fact that
collagen type Il is involved in the construction of the
skin and subcutaneous tissue and plays an active
role in the healing of the surgical cicatrix [45]. A study
of samples taken from surgical wounds found a sig-
nificant increase in PIIINP levels in the days following

Controls V3

Fig. 6. PIIINP dynamics in the control group: baseline, at inclusion in the study (V1 controls V1), at week 12 (V2 controls)
and at week 24 (V3 controls); ns- statistically insignificant difference

Table 4. Plasma PICP and PIIINP concentrations in patients after dual-chamber PPM implantation and controls

PICP/V1 ng/ml PICP/V2 ng/ml PICP/V3 ng/ml PIINP/V1 ng/ml PIINP/V2 ng/ml PIINP/V3 ng/mi
Patients 85.13 £4.68 90.51+4.28 161.35 + 14.05 411+£0.20 6.95 + 0.56 4.56 +0.20
Controls 79.34 £3.49 80.91+4.14 85.26 £4.75 3.94+0.24 4.60+0.32 4.06+0.29
V1 - Visit 1, baseline; V2 — Visit 2, 12 weeks after V1; V3 — Visit 3, 24 weeks after V1
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intervention [46]. Serum levels of this marker have
also been found to rise several times above those
of nonoperated patients, and then gradually decline
to baseline values. Despite the lack of significant dif-
ferences between the two groups, there was a trend
toward higher values in patients, as indicated by the
cutoff value of p = 0.15. Whether the increasing trend
will be maintained can be ascertained by monitoring
the levels of this indicator over a longer period.

Collagen deposition in reactive myocardial fibrosis
increases myocardial stiffness, leading to expression
of systolic and diastolic dysfunction [47, 48, 49]. This
is due to a greater amount of type | collagen, which
has large-diameter fibers and is highly cross-linked
compared to type Il [43]. In patients with congestive
heart failure, there is a positive correlation between
PICP levels and LV size, deterioration of LV systolic
function, BNP levels, and appearance of intraven-
tricular asynchrony [50]. However, these results were
determined only once in patients with clinical signs
of congestive heart failure already demonstrated.
Similar results have been found in patients with an
implantable cardioverter-defibrillator (ICD) [51]. Data
show that patients with registered tachycardia, re-
quiring device therapy, had lower LV ejection fraction
and higher PICP/PIIINP ratio. In this study, serum
markers of collagen synthesis were also examined
once before defibrillator implantation, and the change
in values over time was unknown.

According to our study design, all patients had pre-
served LV systolic function at baseline, determined
by echocardiography on the day after pacemaker im-
plantation. As has been shown, changes in the myo-
cardial interstitium can occur in various pathological
conditions [52, 53]. Therefore, the included patients
were free of serious comorbidities that might have af-
fected fibrotic activity during follow-up. On the other
hand, with natural processes that occur in the biologi-
cal ageing of the body, there is an increase in colla-
gen deposition in different tissues and organs [25].
This was the reason for tracing collagen synthesis
markers in parallel and dynamically in both the pa-
tient and control groups. Based on the above, we can
assume that the increase in PICP and PIIINP levels
at week 24 was due to PPM-induced asynchronous
ventricular contraction.

CONCLUSION

Our study showed early activation of collagen syn-
thesis as early as 6 months after PPM implantation.
Due to the selection of patients without concomitant
cardiovascular disease, we have reason to assume
that these changes were probably the result of asyn-

chronous LV contraction. From the data we obtained
in the dynamic follow-up of collagen synthesis mark-
ers, the development of a profibrotic state was evi-
dent, which we can assume to be an expression of
ECM remodelling.

Disclosure Summary: The authors have nothing to disclose.
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